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Summary 
This study used a combination of drilling records, dye tracing, deep excavations and 
long-term groundwater monitoring to determine the likely distribution and nature of 
silcrete hardpans in particular relation to their importance in moisture availability to oil 
mallee growth (and other deep-rooted perennial plant-based systems). Results obtained 
and observations made indicate that: 
• Silcrete layers are common and extensive in the north-eastern wheatbelt and 
associated with landscapes containing a high proportion of yellow sandplain soils 
(yellow sandy earths). While the distribution of silcrete cannot be accurately 
determined with the methods investigated, the distribution of sandplain soils may 
be used as an indicator. 
• Silcrete is a brittle, intensely indurated rock comprising primarily quartz grains 
cemented with siliceous allophane. It occurs at 1.5-7 m deep and is often several 
metres thick and extremely hard, requiring excavation using a large excavator 
equipped with a hydraulic rock-breaker. 
• Plant roots are unlikely to be able to penetrate silcrete, limiting the soil 
depth/volume available for soil water extraction. This will place restrictions on the 
potential productivity of the oil mallee system and the relationship between depth 
to silcrete and growth rate should be a priority for investigation. This could then 
be factored into growth and yield projections. We estimate that at field capacity 
(very rare) the maximum amount of plant available stored soil moisture above the 
silcrete would be less than 234 mm. 
• The silcrete hardpan leaks recharge readily. Our calculations show that, at most, 
an average annualised amount of only 3 mm (of approximately 25 mm) of 
recharge may be held up by the silcrete layers to form sustainable, thin, perched 
groundwater systems that can occur above silcrete. 
• Large rainfall events (60 mm/day) can build perched systems that leak away 
within six months. These may provide an opportunistic water resource for oil 
mallees. However this volume is not large and even the larger perched systems 
are unlikely to contain more than 100-200 mm of groundwater (plus an additional 
30-60 mm of plant-available water), as they rarely are more than 1 m thick. 
• Silcrete is likely to reduce the potential for wide-spaced oil mallee alleys to 
mitigate groundwater recharge and salinity. This is because it readily leaks 
recharge and provides a physical barrier for roots to explore the profile. 
• The location and depth of silcrete should be an important consideration in site 
surveys when planning revegetation systems on yellow sandplain in the north- 
eastern wheatbelt, as it is likely to be a major determinant of long-term growth 
rate and survival. Further investigation of rapid 'remote' sensing methods that 
can determine silcrete presence and depth is a priority. In the meantime routine 
deep drilling and/or excavation should be carried out by oil mallee industry 
practitioners. 
• Ground penetrating radar and electrical resistivity imaging geophysical techniques 
were tried, however could not delineate the surface of the silcrete layers. Further 
work should focus on determining the variability in depth (spatial mapping) and 
the impact of soil depth on oil mallee productivity. 
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1. Introduction 
1.1 Sandplain soils and silcrete occurrence 
The deep yellow sandplain soils (yellow deep sands and yellow deep sandy earths) 
of the north-eastern wheatbelt are a major focus of the oil mallee industry (and other 
perennial plant systems) in WA. Some of the expected reasons include: 
• the potential amelioration of high rates of groundwater recharge associated with 
these soils by using mallees or other perennials 
• lower crop and pasture productivity due to subsoil acidity and hence associated 
low opportunity cost of land devoted to mallees 
• amelioration of wind erosion risk 
• mallee natural habitat and soils 
• good growth rates of initial plantings 
• perceived optimal root growth conditions 
• an interested cohort of land owners in the region. 
Sandplain soils are the remnants of a more extensive Tertiary aeolian and colluvial 
sediment (Glassford and Semeniuk 1994). Today's residual sandplain is located in 
mid and upper slope positions over much of the north-eastern and eastern wheatbelt 
(Figure 1). Typically they are up to 6 m deep, overlying granitoid saprolite. Yellow 
sandplain soils consist mainly of quartz (>80%), goethite and kaolinite (<20%) and 
may have increasing clay content with depth, from 5% at the surface to 10-20% at 
contact with the mottled zone of the granitic saprolite or silcrete where present below 
(George 1992). 
Silcretes are commonly reported in association with yellow sandplain soils in the 
north-eastern wheatbelt. Speed and Strelein (2004) found extensive occurrences in 
association with yellow sandplain in each of seven catena-scaled transects drilled 
within the Buntine-Marchagee Catchment (BMC). The BMC catchment has an area 
of 181,000 ha and is between Coorow and Dalwallinu (Figure 1). Silcrete was 
encountered in mid and upper slope positions as sheets up to 6 metres thick beneath 
the yellow sandplain soils. They were located within the profile at the transition zone 
between the sediments and the granitic saprolite. Silcrete was also found extensively 
in some valleys and lowerslopes where they occur within the saprolite and were up to 
12 m thick. During a drilling program of 19 sites at Goodlands and Marchagee, we 
encountered silcrete in all but one drill hole. Speed (2003), who has undertaken 
extensive drilling in the north-eastern wheatbelt, including an 18 site program around 
Goodlands and a 12 site program at Perenjori, reports that silcrete is very common 
(encountered at 29 of 30 sites). Drilling suggests that silcretes are generally thinner, 
softer or weaker in upper slope landscape positions, although this has not been 
quantified. 
While silcrete can be encountered during drilling in other agricultural areas of WA, it 
does not appear to be as extensive as in the north-eastern wheatbelt (Richard 
George pers comm. and Russell Speed pers comm.). George (1992) recorded the 
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presence of silcretes beneath sandplain seeps of the eastern wheatbelt. He 
determined their geochemical nature (aluminosilicate and Quart-Anatase-Zircon 
silcrete), hydrology and implicated them in the development of salinity and recharge 
to the deeper aquifers below. While it is not presently possible to map the distribution 
of silcrete, the occurrence of deep yellow sand and deep earthy sand may be a 
surrogate or at least indicate an increased likelihood of silcrete being present in the 
landscape (Figure 1). 
1.2 Description of silcrete 
The term silcrete is a lithological term for brittle intensely indurated rock comprising 
cemented quartz grains. Because silcrete may grade into calcrete, ferricrete and 
other duricrust types it cannot be strictly characterised by its bulk chemical 
composition, however an arbitrary minimum silica content of 85% by weight of Si02 is 
suggested by Summerfield (1983). He reports that there is no such thing as a 
'typical' silcrete profile because it can form in a variety of morphologies ranging from 
non-weathered bedrock to sediments, and are usually 1-3 m thick with some 
occurrences up to 5 m. Generally they are comprised mainly of silicon often with 
significant amounts of aluminium, iron or titanium. Butt (1983) determined that the 
cement from a profile at Gabbin (approximately 50 km SE of the study site) was 
aluminosilicate that has Al:Si atomic ratios of 0.35-1. He found that the cement was 
either amorphous, termed siliceous allophane, or partly crystalline, termed neo- 
formed kaolinite and opaline silica - where it formed within the saprolite. He reported 
that such cemented grits and saprolites are exposed in many breakaways in the 
northern Yilgarn Craton. 
Silica is present in solution as predominantly monosilicic acid (H4SiO4) and may be 
precipitated by either evaporation, cooling, neutralisation of alkaline solutions, 
reaction with other cations, adsorption by solids, and processes of biological life. 
However, biological, evaporation and lowering of pH are considered the likely 
predominant mechanisms (Siever 1962 op cit in Summerfield 1983). Milnes and 
Twidale (1983) reported that most silcretes in Australia are Tertiary and post-Tertiary 
in age and result from precipitation and recrystallisation in response to small changes 
in pH and moisture regime. Thornber et al. (1987) described a mechanism for the 
precipitation of allophane from groundwater in granitic geologies. They showed that 
as acid saline water is discharged, CO2 is released and the resultant increase in pH 
allows the aluminium and silica to combine and precipitate as allophane, forming 
silcrete. 
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Figure 1. Location of study area and distribution of deep yellow sandplain soils in 
WA wheatbeft 
Chemical weathering of silicate material is the primary source of dissolved silica. 
Enhanced solubility of the fine silica dust generated by abrasion in aeolian 
environments is thought to provide a significant silica source in semi-arid 
environments (Summerfield 1983). In addition, it is known that some plants 
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concentrate considerable quantities of silica which are returned to the soil as soluble 
opal phytoliths (Milnes and Twidale 1983). 
Summerfield (1983) described two models of silcrete genesis. The 'lateral transfer 
model' describes silcrete precipitating in areas of periodic flooding, such as valleys, 
during the intervening dry periods. The silica is carried from upland silica-rich areas 
by fluvial processes. The vertical transfer models include concentration and 
precipitation of silica by capillary rise and evaporation, the evaporation from 
fluctuating watertables, and the concentration by downward percolation of silica-rich 
recharge. There remains considerable debate in the literature about silcrete genesis. 
The thick sequences of silcrete encountered in the saprolite of large valleys in the 
north-eastern wheatbelt exhibiting primary salinity by Speed and Strelein (2004) and 
Speed (2003) may be best explained by the lateral transfer model where the silica 
has been transported to the valleys by silica-rich surface and groundwater flows, 
where it has precipitated by either/or a combination of evaporation, pH change and 
vertical differences in permeability providing foci for concentration and precipitation. 
Some authors (op cit in Summerfield 1983) have also suggested that very high 
concentrations of sodium chloride in these environments may cause silicon dioxide 
(Si02) precipitation due to changed geochemical conditions. 
In the northern and eastern wheatbelt the extensive Tertiary aeolian sandplain sheets 
are the likely source of the silica solution in the soil water and groundwater. The 
silcrete encountered in mid and upper slope locations at the sandplain/saprolite 
interface within the profile (many metres above the watertable) during this study and 
by Speed (2003) and Speed and Strelein (2004) seem more likely to be formed 
under vertical transfer processes. The overlying silica-rich sandplain blanket would 
provide a rich source of soluble silica which is leached downwards to be precipitated 
at the sandplain/saprolite interface. The mechanism for this could be a combination 
of either a localised change in pH, a change in moisture regime or a vertical 
difference in permeability causing a moisture trap and foci for silica concentration. 
This could explain the commonly observed location of silcrete at this transition zone 
within the profile. Another possible mechanism that cannot be discounted is 
concentration of silica at this zone by plant roots that may have initially concentrated 
at the transition because of textural or moisture contrast. This hypothesis is 
untested; however it is interesting to note that Pate et al. (2001) described formation 
of ferricrete and ferric pisoliths by proteoid root clusters from Proteaceous species in 
the WA wheatbelt, and ferricrete and pisoliths often occur in association with the 
surface of the silcrete. 
George (1992) described silcretes forming cemented pavements of several hectares 
in area in depressions at the contact between the sandy sediments and clay-rich 
saprolites in the eastern wheatbelt. They are much less extensive than in the north- 
eastern wheatbelt and appear to form mainly in discrete areas where suitable 
topographical and lithological conditions combine. These differences indicate a 
different genesis to the north-eastern wheatbelt, possibly being formed by lateral flow 
of groundwater precipitating silica at discharges, via evaporation and possible 
changes in pH. In the eastern and southern wheatbelt there is also much less 
sandplain (see Figure 1) and therefore a much reduced silica source which may 
explain why silcrete is much less extensive in these areas. 
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1.3 Implications of silcrete 
The implications of silcrete on the growth, productivity and recharge management of 
oil mallee alley farming systems are poorly understood and have been the subject of 
conjecture among researchers and developers of the oil mallee industry. 
One important question is whether silcrete acts as a physical barrier to oil mallee 
roots? If it does, it follows that it would effectively restrict the soil depth (and 
therefore volume) available for mallee root exploration to the sandy horizon above 
the silcrete, which is less than 5 m in most instances. This would then significantly 
limit the soil water storage available to the mallees, particularly in low rainfall areas, 
and restrict potential growth rates. It also means that the mallees would not be able 
to access groundwater or deeper soil moisture below the hardpans and would limit 
their effectiveness in salinity management. 
Another important question is whether silcretes create optimal targets for mallee 
placement to increase growth and prevent hillside seepage? Silcrete has been 
associated with development of thin perched, fresh to brackish aquifer systems in the 
wheatbelt that have been shown to be responsible for development of low-yielding 
(1,000-3,000 m3/yr) sandplain seeps where the underlying silcrete intersects the soil 
surface (George 1992). These systems have been commonly found in the wheatbelt 
at the lower edge of sandplain sequences overlying silcrete and although they are 
often ephemeral and of limited capacity they could potentially supply an additional 
water resource to the oil mallee industry. 
Despite the likely significance for the oil mallee and other perennial plant-based 
industries, the model of water movement and root exploration within the silcrete is 
unclear. This report describes the results of an investigation into the properties of 
silcrete using excavation of applied tracer dye, perched aquifer modelling and a 
review of groundwater data at Goodlands in the north-eastern wheatbelt. The results 
of an initial silcrete mapping trial using electrical resistivity imaging and ground 
penetrating radar are also reported. 
9 
SILCRETE AND OIL MALLEES 
2. Methods 
2.1 Site selection 
The area chosen for investigation was on the property of I & R Stanley and Sons, 
Kalannie. It was on the so-called 'long alley' on Lehmann Road which is also being 
investigated (since 2003) for the joint Department of Agriculture, Rural Industries 
Research and Development Corporation, Department of Conservation and Land 
Management (CALM) and Oil MaIlee Company project Hydrological impacts and 
productivity interactions of integrated oil-mallee farming systems. 
Oil mallees (Eucalyptus polybractea) had been planted in 1995 in 5 km long two-row 
belts spaced at 100 m and extending from the top of the hill to the valley (Figure 2). 
Drilling had revealed the presence of silcrete beneath the whole catena at depths 
ranging from 6.9 m near the top of the hill, to 1.5 m in the lower slopes and a mean 
depth of 3.9 m (Bennett et al. 2005). At all sites drilled in 2003, a layer comprising 
both free ironstone gravel (pisoliths) and ferricrete was encountered immediately 
above the silcrete. This varied from 0.7 to 2.5 m thick. The underlying silcrete 
ranged from 1.2 to 4.6 m and was very hard. Figure 3 shows the hydrologic cross- 
section and the drilling logs are contained in Appendix 1. 
For this study, three excavation sites were chosen corresponding to upper, mid-slope 
and lower slope positions, near sites where drilling had been previously undertaken 
(Figure 2). All sites were located within 5 m of a mallee row. Pit 3 (lower slope, near 
031SO4) also corresponded to where the oil mallees had suffered a near-catastrophic 
growth setback in 2002. Symptoms were almost complete death of branches 
(although the lignotubers resprouted in 2004) and appeared to be the result of severe 
drought stress. This was despite the groundwater being of moderate salinity (1,132 
mS/m) and within 4 m of the surface — but beneath the top of the silcrete layer. 
2.2 Dye application 
In March 2004, a 40 tonne excavator equipped with bucket was used at pits 1 and 2 
to remove sand and as much ironstone as possible to expose a 'floor' of silcrete with 
dimensions approximately 5 m by 5 m. Despite the weight and power of this large 
machine, it was unable to penetrate the harder silicified layers of ferricrete. The floor 
was cleaned off using the bucket and roughly levelled. The depth of excavation was 
approximately 3 m at pit 1, and 2.6 m at pit 2. 
'Brilliant Blue' dye was mixed in a tanker (using a motorised pump and hose to stir 
the solution) at a rate of 2 g/L of water. This is half the concentration used by Lewis 
(2000) for dye tracing experiments. A smaller amount was chosen from tests done 
on ironstone and yellow sand which determined that the lower concentration was 
sufficient to easily detect the dye. A total of 5,000 L of the dye-labelled solution was 
then pumped into each pit. This volume is approximately equivalent to 400 mm 
(125% of average annual rainfall) of water applied over the surface of the pit floor. 
Two applications of 2,500 L were applied to each pit, separated by 72 hours and then 
left for 14 days before further excavation commenced. No pre-excavation dye was 
applied at pit 3. 
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2.3 Silcrete excavation 
A 20-tonne excavator equipped with an interchangeable bucket and hydraulically 
operated rock-breaking hammer was then used (May 2004) for further excavation. 
The method was to use the rock-breaker to loosen the pit floor to a depth of 
approximately 0.3 m, and then replace the rock-breaker with the bucket to enable 
removal of the loosened material. This process was repeated many times for the full 
depth of the pits. Only about half of the original floor area that the dye was applied to 
was excavated to enable the in situ dyed material to be exposed on one side of the 
pit. At completion of the excavation, a combination of compressed air, brushes and 
other hand tools were used to expose areas of interest of the walls and floor for 
closer inspection. 
2.4 Electrical resistivity survey 
During June 2004 an electrical resistivity imaging survey (ERI) was performed along 
1,200 m of the bore transect, from bore 03IS01D to below 031S02D (Figure 2). This 
trial was undertaken to determine if this technique could delineate the silcrete layer. 
Resistivity Imaging combines electrical soundings and profiling techniques. It is 
implemented using computer controlled data acquisition from arrays of electrodes 
and sophisticated computer algorithms to image the data (Geoforce 2004). The 
output is an image, or representation of the true electrical nature of the subsurface, 
which will vary according to mineralogy, texture/porosity and moisture status (Hobbs 
1999). The method involves inserting a row of electrodes (steel pegs) into the 
ground and a current of up to about 3 amps is then injected between different 
electrode pairs and the voltage induced into the ground is measured between a 
variety of electrode pairs. By sequentially repeating the process for a number of 
different electrode combinations, a resistivity image is built up. The ERI method 
generates 2D cross-sections of the survey area. 
Ground penetrating radar (GPR) was also trialled, however due to the nature of the 
soils the signal was attenuated rapidly, resulting in no effective penetration. The 
survey was abandoned. 
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2.5 Perched aquifer modelling 
Because the perched groundwater system that can develop above the silcrete may 
occasionally provide a small groundwater resource for the mallees, Flowtube 
modelling was undertaken to determine the likely annual average amount of water 
that the perched system may account for over time. The Flowtube model is a two- 
dimensional cross-sectional transient groundwater model (Dawes 2000, Argent et al. 
2001). We compared the perched watertable responses from various rates of annual 
net recharge to the perched system over the years after clearing to current 
conditions. 
• A short Flowtube model was constructed assuming that the silcrete layer was the 
bottom of the aquifer and did not leak for the purposes of this test. The main 
parameters in the model were: the maximum evaporation depth is lm, because of 
the predominance of sandy loam soils above the silcrete 
• the saturated hydraulic conductivity is 0.54 m/day, which is the mean of all 
measurements made in perched systems that had an ironstone gravel layer 
above the silcrete and includes measurements at Marchagee (Bennett et al. in 
prep) 
• the upper layer porosity is 0.2 for the yellow earthy sand material 
• the upper layer hydraulic conductivity is 0.2 m/day which was the mean of 
measurements made in yellow sandplain soils 
• the lower part of the flowtube was cleared in 1954, the mid-slopes in 1962 and for 
the upper slopes the main impact of clearing (of surrounding paddocks) was 
determined as being in 1982, as interpreted from historic aerial photography 
• the perched watertable was assumed to be dry at clearing. 
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3. Results and discussion 
3.1 General observations during excavation 
The silicified ferricrete horizons above the silcrete were variable in thickness and 
hardness, even across the relatively small confines of pits 1 and 2. For example, at 
equivalent depths, only parts of the pits could be excavated with the excavator 
bucket while other areas required the rock-breaker. Below the level of the transitional 
zone of silicified ferricrete, the more uniform silcrete (silicified sand) material could 
not be excavated without first using the rock-breaker attachment. At sites 1 and 2, 
the silcrete material became harder with increasing depth (the excavator operator 
reported that the silcrete at maximum depth had a hardness that approached that of 
fresh granite rock). 
The total depth excavated at pits 1 and 2 was approximately 7.5 m. At this depth, the 
width had tapered to the width of the bucket and it became inefficient to go further. 
The basal silcrete was hard and massive, with little evidence of pores or other 
unconformities. 
Pit 3 contained the hardest silcrete layer, between 2.6 and 3.6 m, encountered at all 
sites. Below 3.6 m it became softer, until at 4.6 m it was of similar softness to non- 
indurated pallid zone clay. 
3.2 Pit 1 profile description 
The annotated photograph (Figure 4) shows the main horizons and features of pit 1. 
Soft yellow sandy earth extended from the surface to a depth of 2.5 m and was 
composed of poorly sorted sub-angular quartz grains of <2 mm. This was underlain 
by a thin layer of loose pisolitic ferricrete gravel. These layers contained live roots 
from the adjacent mallee row. When broken, some pisoliths were found to be hollow, 
with a smooth darker ferric 'rind' surrounding the hollow section. 
A very hard ferricrete cap of variable thickness (average about 0.4 m) underlay the 
gravel. It contained numerous vertical large pore structures, which were often filled 
with small gravel or sand. This layer was strongly stained with the dye, with the 
larger pores contained the highest concentration. 
The silicified ferricrete and gravel 'transition layer' extended from 3.4 to 5.4 m and 
was variably hard. It contained numerous large vertical pores extending through the 
entire layer. Larger pores were filled with pisolitic gravel, and smaller ones with sand. 
Decayed roots, presumably from the vegetation that existed prior to clearing in the 
mid-1970s, was present in several of the larger pores. No live roots from the 
adjacent mallees were found. Below 5.4 m the silcrete contained less ferricrete and 
the large gravel-filled pores were absent. Quartz grains were poorly sorted, and sub- 
rounded, and cemented by the aluminosilicate. Several smaller pores were found 
and one in particular opened into a sand and dye-stained chamber about 0.2 m in 
diameter (Figure 5). This layer became harder with increasing depth to 7.5 m. 
Weathered pallid zone saprolite, silicified in situ, was encountered near the bottom of 
the pit (>7 m) and contained poorly sorted angular and sharp quartz grains to 5 mm. 
15 
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This material also had fabric similar to weathered granitic material. Some dye was 
detected as small (<5 mm) spots on the hard silcrete pit floor at 7.5 m, however no 
associated pore structures were found at this depth. 
Figure 4. Pit 1 profile and description 
Sandy earth 
Ironstone gravel - loose 
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Figure 5. Evidence of fine sand-filled pores and litho-facies, and a larger sand and 
dye-filled chamber within the silcrete at 5.8 m depth in pit 1 
3.3 Pit 2 profile description 
Pit 2 (see Figure 6) had a similar profile to pit 1, with yellow earthy sand to 2.4 m, 
underlain by a thin, loose pisolitic gravel layer. Below this there were differences in 
the structure of the silicified ferricrete and sand layer. 
• One side of the pit contained none of the large vertical gravel-filled pores 
evident in pit 1 and was much more uniform in hardness. 
• The other half of the pit bisected a large (5 m wide) ferruginised structure that 
appeared to be comprised of a myriad of horizontal and vertical 'chambers' 
(Figure 7). These chambers were filled with sand and lined with a red/brown 
rind (Figure 7). This structure is postulated to be termitaria, or ancient termite 
mounds that have been highly ferruginised and then partially silicified after 
burial beneath the sand sheet during the Tertiary period (Verboom pers 
comm.). 
A water, dye and sand-filled chamber-like structure was also located below the 
termitaria in the silicified pallid zone saprolite material. It appeared connected to the 
termitaria via a similarly lined channel. It is hypothesised that this could be the 
silicified 'queen termites chamber' of the original termite mound. Verboom (pers 
comm.) has described similar structures exposed in the wheatbelt. 
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Sandy earth 
Ironstone gravel - loo 
Figure 6. Pit 2 profile and description 
_ 
2.6 m 
3.0 m 
5.5 m 
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Figure 7. Termitaria in pit 2 showing detail of ferruginised 'galleries' and lower dye- 
stained 'chamber' 
The silicified pallid zone material below 5.5 m (Figure 6) was extremely hard and 
contained few pores. This material was comprised of many sharp, angular, unsorted 
quartz grains to 5 mm indicating it was likely to be secondarily silicified in situ 
weathered granitic saprolite. A large (15 mm diameter) pore filled with sand and a 
dark brown organic material was found at 6.8 m, which appeared to be an old root 
channel containing decaying root material. No live root material was found. Similar 
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root channels to those described here were found by Milnes and Twidale (1983) who 
determined that they were preserved by retention of organic plant material in the 
structures during silicification. 
Unlike pit 1, there were no traces of dye or any other pore structure below 6.8 m. 
3.4 Pit 3 profile description 
Pit 3 (Figure 8) had yellow earthy sand to 1.5 m, underlain by a thin, loose pisolitic 
gravel layer similar to the other pits. Below this, a hard layer that contained sand and 
ironstone pisoliths cemented with both aluminosilicate and carbonate bands was 
located. The carbonate bands were minor and variable in thickness and lateral 
extent. A thin, softer and partially silicified, ferricrete layer extended from 2.4 to 
2.6 m. This was the maximum depth of both live oil mallee root and decayed root 
material, presumably remnant from the pre-clearing vegetation. There was a distinct 
horizontal layer of root material at the transition from the ferricrete layer to the very 
hard silcrete layer below 2.6 m. This layer contained minor ferricrete and was the 
hardest encountered of all pits, requiring about three hours of rock-breaking and 
excavation to dig approximately 1 m through it. Between 3.2 and 3.6 m the reticulite 
was also extremely hard and broke away in plates. 
Between 3.6 and 4.6 m there was very hard silicified pallid zone material comprisimg 
many sharp, angular, unsorted quartz grains to 5 mm, with fabric indicating it was 
likely to be weathered granitic saprolite, secondarily silicified in situ. There were no 
pores or structure evident in the silcrete between 2.6 and 4.6 m. Below 4.6 m the 
pallid saprolite became much softer and free water was visible in the litho-facies. It 
took several hours for the water level in the hole to stabilise at 4 m below ground. 
The water had a salinity of 1,100 mS/m. 
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Pallid zone clay s 
Figure 8. Pit 3 profile and description 
3.5 Dye penetration observations 
The dye staining was observed only directly below the original application, indicating 
minimal lateral flow of perched water on or within the ironstone or silcrete layers and 
that vertical flow was dominant. This was based on observations of the silcrete 
upper-surface during excavation and the lower slope pit wall and floor after 
excavation. All of the dye solution had soaked into the surface of the exposed 
ferricrete on the pit floor 24 hours after application. This implies that there must have 
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been very rapid vertical infiltration of the double application of 200 mm of solution. 
The typical pattern of dye penetration is shown in Figures 4 and 6. Most dye is 
concentrated within 0.5 m of the surface of the pit (approximately 2.5 m below natural 
ground surface) however even within this layer there is evidence of non-uniform 
infiltration. Infiltration becomes increasingly non-uniform with depth and follows 
distinct flow paths through the cemented silicified sand and ferricrete. Within the 
silcrete layer (5.5 m below ground level in both pits 1 and 2) flow appears to have 
become highly channelised, with the dye only being detected either along silcrete 
litho-facies or old root channels. 
3.6 Root penetration observations 
Many live roots from the adjacent mallee trees were observed in the yellow sandy 
earth and the non-cemented pisolitic gravel layers. Some live roots were observed in 
the transition zone of silicified ironstone in pits 1 and 2, however none were observed 
within the 'pure' silcrete at depth at any site. A large (1.5 cm diameter) pore, filled 
with sand and a dark brown organic material was found in pit 2 at 6.8 m. This 
appeared to be an old root channel containing decaying root material from pre- 
clearing vegetation. No evidence of any live or decayed root material was observed 
below 2.6 m in pit 3. This depth also corresponded to the top of the hardest silcrete. 
While no other deep excavations of roots within silcrete in WA have been 
undertaken, others have attempted to postulate that root penetration occurs to depth 
within silcretes. For example Wildy et al. (2004) reported tracing sinker roots through 
the hardpan at another site near Goodlands (Figure 1). However their excavation 
was restricted to the surface layers of the silcrete only as they used a pick and 
shovel. They also reported finding live roots inside bore casings at depths below the 
silcrete as evidence of oil mallee's ability to penetrate it. However the roots simply 
following the soil back-filled annulus (created in the silcrete during drilling) can 
explain this. Roots then enter the bore casing via the screen section, searching for 
moisture condensate that forms on the inside of the casing. We have seen 
numerous examples of this and drill-hole completion logs of the site (drilled by one of 
the authors) confirm that this is likely. 
3.7 Electrical resistivity imaging 
The processed image of the ERI survey is shown in Figure 9. It shows a large 
change in resistivity between 5 and 10 m depth along the whole transect. This 
corresponds to the inferred depth of the transition between the silcrete and the 
saprolite weathered in situ. For example at bore 03IS01D, the drilling logs identify 
the change to be at 10.5 m, which corresponds to the large change in resistivity 
about 10.5 m from the ERI. At 031S02D, the base of the silcrete was at 7.5 m, which 
also approximates the large change in resistivity at about 8 m depth from the ERI. 
Unfortunately, the ERI technique does not seem able to distinguish the boundary 
between the deep sand and silcrete or ferricrete layers. This could be because these 
layers have similar electrical resistivity signatures, or the technique is not capable of 
resolving the difference at this scale. 
Interestingly, the ERI data are more variable in the upper slopes and vary between 
about 50 and 1,000 ohm.m, compared to approximately 400-700 ohm.m in the mid 
and lower slopes. This suggests the sand/ferricrete/silcrete layer is less uniform in 
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the upper slopes could indicate that his layer is weaker or thinner in this area. This 
seems to confirm the drilling evidence (Speed, pers comm.) from multiple sites that 
the silcrete layers are softer, thinner and less uniform in upper slope locations in the 
north-eastern wheatbelt. 
There is another less obvious zone of resistivity change on the image (Figure 9) 
between approximately 22 m depth at 03IS01D and 38 m at 031S02D. This 
corresponds to the depth of granitic basement encountered during drilling, indicating 
that the technique may be applicable for determining basement profiles. 
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Figure 9. Electrical resistivity image cross-section along part of the bore transect at 
the study site 
3.8 Hydrologic evidence indicating that ephemeral perched 
watertables readily leak through silcrete 
3.8.1 Groundwater monitoring 
Long-term hydrological data from several bore sites in the Goodlands area show the 
interactions of perched and deep watertables from above, below and within the 
silcrete (Speed 2003). One example is shown in Figure 10 (and detailed in 
Appendix 1) from bore GD18, in an area of annual crop and pastures, upper slope on 
a yellow sandplain hill-slope and located about 10 km north-west of the excavation 
site. 
The hydrograph indicates the presence of an ephemeral, thin perched system, within 
the sandy earth and ferruginous gravel layers above the silcrete. The aquifer 
developed after large (60 mm) rainfall events in March 1999 and 2000 and then 
drained away within six months on each occasion. This recharge and subsequent 
drainage also causes a sustained increase in the rate of rise in the deep watertable 
(bore GD18D). The rate of rise was 0.6 m/yr after the large rainfall events, compared 
to 0.25 m/yr prior to 1999. This indicates that the silcrete is leaky, a conclusion also 
reached by George (1992). 
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Figure 10. Hydrographs of shallow and deep bores under annual crop and pasture 
and their configuration relative to a silcrete hardpan 
The amplitude of watertable response in bore GD180B to these large (approximately 
60 mm) rainfall events was 0.50 m. Given a specific yield of 0.2, it suggests half of 
the rainfall went directly to recharge the perched aquifer. The specific yield was 
based on measured parameters (Department of Agriculture 2004) of deep yellow 
sandplain soils (sandy earths); wilting point 0.07, field capacity 0.13, and total 
porosity 0.33. The specific yield, which is approximately equal to storage coefficient 
or fillable porosity for unconfined aquifers (Bouwer 1978), can then be estimated as 
the difference between total porosity and field capacity. For sandplain soils the 
specific yield is therefore 0.33 minus 0.13, which equals 0.20. 
Similar responses for other transient, perched aquifers overlying silcrete are common 
in the north-eastern wheatbelt. While some examples exhibit larger amplitudes in 
response to rainfall (up to 1.5 m), it is likely that this is due to a larger proportion of 
silcrete/ferricrete in the aquifer. Given a specific yield (or fillable porosity) of 0.20 for 
sandplain sandy earths, and an average aquifer thickness of 0.5-1 m, it implies that 
saturated storage is likely to be less than 100-200 mm. This, plus an additional 30- 
60 mm of plant available water (field capacity minus wilting point multiplied by aquifer 
thickness), means that total plant available storage is less than 260 mm within these 
perched aquifers, where they develop. 
Some sites, generally lower in the landscape closer to the confluence of the perched 
systems (such as near sandplain seeps e.g. George 1992), can exhibit permanent 
perched systems. However while these aquifers discharge maybe between 1,000 
and 3,000 m3/yr from small seeps (<5 ha), George calculated this was supplied by a 
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net recharge of 3-7 mm over much larger areas (50 ha). In addition, a similar amount 
of water was noted to drain into the deeper groundwater system. 
3.8.2 Flowtube modelling 
The Flowtube model was run for 50 years with various recharge levels. Recharge in 
this instance was defined as the annual amount of water that is left behind in the 
perched system above the silcrete after the rest of the recharge has leaked through 
it. We found (Figure 11) that only 3 mm of annual capture by the perched system 
was enough to generate watertable conditions similar to current conditions. Our 
conclusion supports that of George (1992) in which it was found that the silcrete 
leaks readily via macropores, particularly when the saturated thickness in the 
perched system increases after large recharge events. The remainder either leaks 
very slowly or is captured above small patches with variably lower hydraulic 
conductivity, or that have no pores. 
In reality, it is more likely that perched systems develop intermittently under high 
recharge events (e.g. Speed 2003) and this modelling does not represent the actual 
mechanisms of perched system development. However it indicates the long-term 
annual average capacity of the perched system and the amount of water reliably 
available for the mallees and therefore possibly not available for recharge to the deep 
system. At this site it appears that this capacity is less than 3 mm on a long-term, 
annualised basis. 
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Figure 11. Flowtube modelled responses of perched watertable to variations in 
effective recharge, relative to watertable at the site 
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3.9 Hydrologic evidence indicating that mallee roots cannot 
penetrate silcrete layers 
Pit excavations revealed that the silcrete becomes harder and more massive with 
increasing depth and that live roots were absent below the bottom of the partially 
silicified ferricrete layers at all sites. In addition, observations of tree death at pit 3 
and bore 03IS03, substantiate measurements that roots do not penetrate the silcrete. 
At pit 3 for example, despite there being a deep watertable within 4 m of the surface 
(1,100 mS/m), trees suffered catastrophic drought stress in 2002. Similarly trees 
alongside bore 031S03D suffered similar drought stress however the deep 
piezometric surface is 3.4 m below ground and of similar salinity (1132 mS/m). A 
moist layer was encountered within the silcrete layer during drilling at 031S03 and a 
separate piezometer was installed and sealed within this layer (screened 3-3.5 m 
below ground). This bore has maintained a constant head of 3 m below ground since 
installation. This indicates that the trees do not have access to the water trapped 
within or below the silcrete and is further evidence that they do not have the capacity 
to send their roots through it. 
The trapped layer of perched water within the silcrete is also present at bore GDO6 
(Figure 12, Appendix 1) located approximately 10 km north-east of the site. This 
water is likely to be captured within small, poorly connected more permeable voids 
within the silcrete, as it has a head higher than the shallow bore (GD060B) screened 
to the top of the silcrete. This site is located within 2 ha of trees planted upslope of a 
hillside seep. The trees grew well for several years and then became drought 
stressed during 1996 when the bores were installed, and have subsequently died 
despite the perched and deep groundwater being of low salinity (333 and 964 mS/m 
respectively) and close to the surface (3 and 7 m respectively). Interestingly, since 
the upslope sub-catchment has been planted to an oil mallee alley system (45-120 m 
alleys) the bore screened above the hardpan (GD060B) has been mainly dry, yet the 
deep groundwater system has risen over 2 m due mainly to episodic recharge. 
The existence of water trapped within the silcrete is unusual. We believe that it is 
localised and either occurs either as small sub-horizontal beds or poorly connected 
voids (e.g. in Figure 7), or vase-type structures/chambers that have a narrow opening 
(Figure 5). We do not believe they play an important role in the hydrology of the 
silcrete as little or no water is transferred within them. 
Evidence that oil mallee roots can penetrate hardpan is tenuous. Wildy et al. (2004) 
concluded that oil mallees are able to penetrate hardpan using evidence obtained 
during a water balance study at Goodlands, at a site above bore GDO6 (Figure 12). 
During the study, they measured very high rates of transpiration (430 mm over 22 
months across a 15 m wide transect located across a two-row belt situated over a 
perched aquifer) after the large rainfall events of 1999. 
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Figure 12. Hydrographs of perched, confined and deep bores and their configuration 
relative to a silcrete hardpan at GDO6 
They attributed a small amount unaccounted (33 mm, or 12% of the 256 mm 
transpired by mallees) in their water balance to water usage from deep in the profile, 
below the hardpan. This was for mallees situated on areas without a perched 
aquifer. Based on our observations, we doubt any deep groundwater use by the 
mallees is possible from below the silcrete. Their unaccounted water could be 
explained by several factors including cumulative errors in their water balance 
accounting - which were not quantified. Also their budget was constructed based on 
net differences in soil moisture (compared to measured transpiration) between two 
measurement dates and didn't account for increases in soil moisture from rainfall 
within the period that were subsequently transpired prior to the end of the period. 
The magnitude of this storage and depletion of soil moisture approximates the 
unaccounted water (900 L) attributed to deep use. 
Additionally, Wildy et al. (2004) report that growth rates of the mallees without 
perched watertables were less than half of those located above areas with the 
perched aquifers that developed after large rainfall events in 1998 and 1999 (see 
Figure 12). This suggests that their growth was limited by water availability which 
suggests that they did not have access to the groundwater below the silcrete. 
Average long-term water availability to oil mallees growing in alley systems is likely to 
be restricted to annual soil water storage the within the friable sandplain soils. The 
plant available water over the average sandplain depth (3.9 m) at this site is 234 mm 
per unit area. In average conditions this is likely to be a gross overestimate and in 
the low rainfall/high evaporation environment (315 and 2,380 millimetres per annum 
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respectively at the study site) it means that moisture could be rapidly depleted. For 
example, Wildy et eL (2004) recorded average profile volumetric water contents 1-5% 
below field capacity over their 22 month study, which following large rainfall events in 
1998 and 1999. 
Saturated (demonstrated by dye tests) and unsaturated lateral flow of soil water into 
the root zone is unlikely or would be insignificant to the mallees water balance. The 
width of their root zone has been shown (Wildy et al. 2004) to be approximately 15 m 
from each edge of the alley and limited by the depth of silcrete 
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4. Conclusions 
Our observations indicate that silcrete horizons are very common in the north-eastern 
wheatbelt especially in landscapes that have a high proportion of deep yellow 
sandplain soils. Because these soils and landscapes are a target for planting oil 
mallees, silcretes are likely to have important implications for the growth rate and 
salinity claims of the oil mallee industry. 
Silcretes have been shown to be extremely hard and thick and it is unlikely that 
mallee roots have the ability to penetrate them. This means that the effective depth 
of soil available for water extraction will commonly be less than 5 metres (mean 
depth of 3.9 m at this site) of yellow sandplain soil. This will restrict the potential 
productivity of the oil mallee system and the relationship between depth to silcrete 
and growth rate should be a priority for investigation. This could then be factored into 
growth and yield projections. We estimate that at field capacity (which would be very 
rare) the maximum amount of plant-available stored soil moisture above the silcrete 
would be less than 234 mm. 
Perched water systems that occur above the silcrete layer are likely to contain a 
maximum of 260 mm of water potentially available to plants over time. Our modelling 
suggests that this residual may only be in the order of 3 mm/yr across a catchment 
on a long-term basis. While additional water temporarily recharges the perched 
aquifer, it is lost through the silcrete via micropores and litho-facies to recharge the 
deeper watertable. Large rainfall events (such as 60 mm in one day) will cause much 
larger volumes to perch above the silcrete for up to six months, which will enable the 
mallees to opportunistically access to larger water reserves. The frequency of these 
events and the leakiness of the silcretes, will govern the amount of plant available 
water and long-term growth rates. 
Electrical resistivity imaging (ERI) and drilling has shown that the silcrete layer may 
be less of an impediment to roots in the upper slopes (a few hundred metres from 
hilltop) which may allow root development to deeper layers below. However this 
hypothesis is untested. 
Near the lower margins of the silcrete it may become less permeable to leakage and 
receive some small lateral flow, but the volume of groundwater available is still likely 
to be less than 260 mm, with limited mean annual recharge (3 mm). This may provide 
some opportunity for small areas to be planted and receive additional reliable water 
as in some areas above sandplain seeps. They would need to be carefully designed 
to match water availability. A best-bet layout may be a more intensively spaced 
contour alley system occupying a relatively small proportion of the landscape. 
Silcretes represent a dual risk to the oil mallee industry. First, observations of soil 
pits and hydrological data have shown they restrict root penetration and bar access 
to soil water. This compromises their yield and economic benefit. Second, the 
silcretes restrict the oil mallees' access to recharging water. Combined, our results 
and measurements suggest current layouts of alley systems may be unable to 
reduce deep recharge and reverse watertable rise and salinity. 
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The depth and presence of silcrete should be an important consideration in site 
surveys when planning revegetation systems on yellow sandplain in the north- 
eastern wheatbelt, as it is likely to be a major determinant of growth rate and survival. 
Currently drilling and/or excavation are the only tools available to do this. An attempt 
was made to use both ground penetrating radar (GPR) and electrical resistivity 
imaging (ERI) to determine the presence and thickness of silcrete, however the GPR 
failed, and the ERI could not distinguish silcrete from the associated Tertiary sand 
and gravel sequences. 
Further work should focus on determining the variability in depth (spatial mapping) 
and the impact of soil depth on oil mallee productivity. 
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6. Appendix 1: Field drilling logs 
Site Details 
Date: 5/5/03 Landform/Unit: Hillcrest 
Catchment/Project/Owner : Ian Stanley 
Long alleys 
Year Cleared: 1970s 
Location Number: Ninghan 3304 
Local Bore #: 03IS01D GDA94 Northing (m): 6663494.05 
W+R Bore #: GDA94 Easting (m): 535396.70 
Driller: Don Bennett, Adrian Goodreid, Russell Speed AHD (m): 346.95 
Depth (m) Sample Description and Drilling Comments Geology 
0 
0.3 
4.2 
6.2 
6.9 
8.1 
10.5 
11.0 
13.2 
14.2 
15.1 
19.1 
22.2 
Light brown loamy sand. 
Yellow/orange sandy earth with some minor ironstone nodules 
— getting redder with depth. 
Mottled deep red/brown sandy clay, dry and returning as chips, 
contains small iron pisoliths. 
Lots of ironstone now — in a yellow sandy earth. 
Very hard silcrete. 
Indurated white clay — returns as small chips with small (<4 
mm) sharp quartz. Has fabric — pallid zone. 
As above but softer and finer. 
Medium sharp quartz in a light brown clay matrix. 
Went dark red & fine, minor v fine quartz grains, moist. 
Back into light brown quartzy clay. 
Getting "crunchy" — lots of small quartz, some grains to 10 mm 
& some soft feldspar. Olive hue at 17-18 m. 
Very crunchy—chips of poorly weathered granitoid gneiss 
returned — micas, quartz & hard feldspars. 
Very hard basement — drill refusal. 
(Collar to 7.0 m). 
Tertiary Sandplain 
Ferricrete 
Silcrete 
Silicified weathered 
saprolite. 
Weathered granitic 
saprolite. 
Fresh Granitoid 
Gneiss 
Bore Completion Details 
Depth Drilled (m): 22.2 Water/Foam/Detergent Injected (m): Nil 
Casing Total Length (m): 22.92 Est. Watertable during drilling (m): ? 
A.G.L.(m): 0.8 Casing Installation: GOOD/O.K./FORCED 
Screen Length (m): 2 Estimated Yield: 
Material Screened: Saprock S.W.L. at Completion (m): 
Drill Method/Bit Size (Diam. Mm): 4 3/4 RAB EC (mS/m): 2060 
Casing Type & Diam. (mm): 50 mm CL9 PVC First SWL (m): 21.40 on 28/5/03 
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SILCRETE AND OIL MALLEES 
Site Details 
Date: 6/5/03 Landform/Unit: Mid slope 
Catchment/Project/Owner : Ian Stanley, Long Alleys Year Cleared: 1970s 
Location Number: Ninghan 3304 
Local Bore #: 031S02D + OB GDA94 Northing (m): 6662627.55 
W+R Bore #: GDA94 Easting (m): 535392.55 
Driller: Don Bennett, Russell Speed, Adrian Goodreid AHD (m): 322.41 
Depth (m) Sample Description and Drilling Comments Geology 
0 
0.3 
3.5 
4.5 
6.2 
6.5 
7.5 
8.0 
10.0 
16.0 
19.0 
23 
25 
27 
31.2 
37 
Light brown/yellow sandy loam. 
Yellow sandy earth, getting slightly redder with depth & 
moist. 
Quite moist now — not saturated. 
Lots of ironstone pisoliths in a sandy earth matrix. Pisoliths 
are hollow. 
Hard indurated red ferricrete. 
Very hard silicified grey sand/clay with quartz — silcrete. 
Softer now — dry & dusty, fully soft by 8 m. 
Quartz-rich (angular, sharp to 3 mm) grey fine clay, has 
fabric, pallid zone, dry & dusty. 
High proportion of angular quartz grains to 6 mm, smoky, 
grey-coloured. Matrix is grey fine clay. 
Quite moist now & darker grey. 
Light pink/grey, as above, turned brown at 22.0. 
Lost circulation — water on, contaminated with gravels from 
4.5 (3m samples). 
A bit "crunchy", fresh feldspars evident on chips of poorly 
weathered granitoid gneiss. 
Went quite olive coloured & very crunchy. Lots of fresh 
feldspar, quartz & a dark mineral (horneblende?). 
Turned khaki brown — copious fresh micas/feldspars. 
Return turned green — large 'green' hued granite chips, 
basement @37.7 
Tertiary Sandplain 
Ferricrete 
Silcrete 
Silicified weathered 
saprolite. 
Weathered granitic 
saprolite. 
Granitoid Gneiss 
Bore Completion Details 
Depth Drilled (m): 37.7 (6.5) Water/Foam/Detergent Injected (m): 23 
Casing Total Length (m): 38.05 (7.28) 
A.G.L.(m): 0.4 (0.4) Casing Installation: GOOD/O.K./FORCED 
Screen Length (m): 2.0 (2.0) Estimated Yield: 
Material Screened: Saprock (sandy earth) S.W.L. at Completion (m): 30.0 
Drill Method/Bit Size (Diam. mm): 4 3/4 RAB EC (mS/m): 1245 (961) 
Casing Type & Diam. (mm): 50 mm CL9 PVC First SWL (m): 18.13 (6.46) on 28/5/03 
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SILCRETE AND OIL MALLEES 
Site Details 
Date: 7/5/03 Landform/Unit: Lower slope 
within stressed trees 
Catchment/Project/Owner: Ian Stanley, Long Alleys Year Cleared: 1962 
Location Number: Ninghan 3304 
Local Bore #: 031S03D + S + OB GDA94 Northing (m): 6661693.28 
W+R Bore #: GDA94 Easting (m): 535288.59 
Driller: Russell Speed, Don Bennett, Adrian Goodreid AHD (m): 319.11 
Depth (m) Sample Description and Drilling Comments Geology 
0 
0.2 
1.8 
2.2 
2.5 
4.0 
5.0 
6.5 
7.0 
8.4 
10 
11.5 
24.5 
Light brown/yellow sandy loam. 
Yellow sandy earth — moist. 
Ironstone pisoliths in a brown/yellow sand. 
Hard ferricrete. 
Grey & brown silicified gritty material — has darker brown 
layers — very hard. Darker brown layers have moisture. 
Grey/pink & hard — dry & dusty. 
Softer layers. 
Pink angular quartz-rich sandy clay, softer with some 
indurated layers, dry and dusty. 
As above, tan/brown — moist. 
Olive/green colour — lots of small angular quartz grits. 
As above, but olive brown/red brown layers. 
Clayey grit — micas, feldspars and sharp quartz. Making 
own water increasing with depth — injection water off. 
Crunching — large chips of poorly weathered granitoid 
gneiss. 
Crunched through to 29 m, basement. 
Tertiary Sandplain 
Ferricrete 
Silcrete 
Silicified weathered 
saprolite. 
Weathered granitic 
saprolite. 
Fresh Granitoid Gneiss 
Bore Completion Details 
Depth Drilled (m): 29 (4.0) (2.65) Water/Foam/Detergent Injected (m): 11-11.5 
Casing Total Length (m): 28.76 (4.75) (3.45) Est. Watertable during drilling (m): 2.5 m 
A.G.L.(m): 0.8 (0.8) (0.8) Casing Installation: GOOD/O.K./FORCED 
Screen Length (m): 2 (0.5) (1.0) Estimated Yield: 4 Usec. 
Material Screened: Saprock (Silcrete) (Gravel) S.W.L. at Completion (m): 
Drill Method/Bit Size (Diam. mm): 4 3/4 EC (mS/m): 1132, (1929), (dry) 
Casing Type & Diam. (mm): 50 mm CL9 PVC First SWL (m): 4.45, (3.94), (dry) on 28/5/03 
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SILCRETE AND OIL MALLEES 
Site Details 
Date: 7/5/03 Landform/Unit: Valley floor — poor trees 
Catchment/Project/Owner: Ian Stanley Long Alleys Year Cleared: 1962 
Location Number: Ninghan 3304 
Local Bore #: 031SO4 D + OB GDA94 Northing (m): 6660843.56 
W+R Bore #: GDA94 Easting (m): 535382.28 
Driller: Russell Speed, Don Bennett, Adrian 
Goodreid 
AHD (m): 313.97 
Depth 
(m) 
Sample Description and Drilling Comments Geology 
0 
0.4 
1.0 
1.5 
3.6 
4.5 
4.8 
6.1 
6.8 
8.0 
11 
15 
17 
25 
28 
32 
Light brown gravelly loam. 
Harder ironstone gravels. 
Hard ironstone & carbonate hard pan (bubbles with NCI). 
Very hard light grey/pink silicified material — dry & dusty, has small 
round pisolites in it. (silica - doesn't react with NCO.. 
Very, very hard now — changed to rock roller. Sample chips now have 
sharp quartz grains and feldspars and fabric. All cemented together with 
silica. 
Less dusty, some light green colour in some chips. 
Softer and harder layers 
Grey pallid zone material, a bit softer, however still very hard. 
Soft now — grey quartz-rich pallid zone clay. 
Wet clay at the rod end — removed roller and changed to 4 1/2 blade 
bits. Lots of sharp, smoky quartz to 5 mm in a fine grey clay matrix. 
Sloppy white gritty clay — water injection (3m samples). 
Khaki colored now. 
Own water now — 0.5 L/sec. 
A bit "crunchy" water up to 1 L/sec, large (10 mm) fresh feldsapars. 
Some brown colour — pieces of poorly weathered granitoid gniess & 
brown hard clay. 
EOH — lost circulation and close to basement. 
Tertiary 
Sandplain 
Ferricrete 
Carbonate 
Silcrete 
Silicified 
weathered 
saprolite. 
Weathered 
granitic 
saprolite. 
Fresh Granitoid 
Gneiss 
Bore Completion Details 
Depth Drilled (m): 32 (2.0) Water/Foam/Detergent Injected (m): 11-17 
Casing Total Length (m): 31.78 (2.73) Est. Watertable during drilling (m): 
A.G.L.(m): 0.8 (0.80) Casing Installation: GOOD/O.K./FORCED 
Screen Length (m): 2 (1) Estimated Yield: 1 L/sec 
Material Screened: Saprock (ferricrete). S.W.L. at Completion (m): 3.10 and rising 
Drill Method/Bit Size (Diam. mm): 4 1/2" RAB EC (mS/m): 921 (578) 
Casing Type & Diam. (mm): 50 mm CL9 PVC First SWL (m): 2.25, (2.18) on 28/5/03 
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SILCRETE AND OIL MALLEES 
Site Details 
Date: 8/5/03 Landform/Unit: 3m row up. Good 
trees, Upper/Mid-slope 
Catchment/Project/Owner: Ian Stanley Contour 
Alleys 
Year Cleared: 1970s 
Location Number: Ninghan 3304 
Local Bore #: 031S05 OB GDA94 Northing (m): 6663082.31 
W+R Bore #: GDA94 Easting (m): 535003.50 
Driller: Don Bennett, Russell Speed, Adrian 
Goodreid 
AHD (m): 334.09 
Depth (m) Sample Description and Drilling Comments 
. 
Geology 
0 
0.2 
2.1 
3.8 
4.1 
Light brown/yellow loamy sand. 
Yellow sandy earth. 
Ironstone pisoliths (small) in a yellow sand/loam matrix. 
Harder/crunchy ironstone pisoliths, dry & dusty. 
Silicified sand hardpan — hard & dry. 
Smashed on through silcrete to 5 m. EOH 
4-5 m sample contaminated with gravels from above. 
*Water injected to try & clear gravels. 
Tertiary Sandplain 
Ferricrete 
Silcrete 
1 
Bore Completion Details 
Depth Drilled (m): 5 Water/Foam/Detergent Injected (m): 5m 
Casing Total Length (m): 5.29 Est. Watertable during drilling (m): 
A.G.L.(m): 0.8 Casing Installation: GOOD/O.K./FORCED 
Screen Length (m): 2 Estimated Yield: 
Material Screened: Sand/gravel layer above 
silcrete 
S.W.L. at Completion (m): 
Drill Method/Bit Size (Diam. mm): 4 1/2 EC (mS/m): Dry 
Casing Type & Diam. (mm): 50 mm CL9 PVC First SWL (m): Dry on 28/5/03 
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SILCRETE AND OIL MALLEES 
Site Details 
Date: 8/5/03 Landform/Unit: 100 m further along in 
stressed/dying trees in upper/mid-slope 
Catchment/Project/Owner: Ian Stanley 
Contour Alleys 
Year Cleared: 1970s 
Location Number: Ninghan 3304 
Local Bore #: 031S06 OB GDA94 Northing (m): 6663099.32 
W+R Bore #: GDA94 Easting (m): 534892.32 
Driller: Don Bennett, Russell Speed, Adrian 
Goodreid 
AHD (m): 332.49 
Depth (m) Sample Description and Drilling Comments Geology 
0 
1 
2.2 
2.3 
Gravelly, sandy, yellow sandy earth. 
Higher proportion of larger ironstone pisoliths. 
Harder cemented ironstone (ferricrete). 
Very hard silicified quartz sand — grey dry & dusty. 
Smashed through to 3 m. 
Tertiary Sandplain 
Ferricrete 
Silcrete 
Bore Completion Details 
Depth Drilled (m): 3 Water/Foam/Detergent Injected (m): 
Casing Total Length (m): 3.7 Est. Watertable during drilling (m): 
A.G.L.(m): 0.8 Casing Installation: GOOD/O.K./FORCED 
Screen Length (m): 2 Estimated Yield: 
Material Screened: Ferricrete above silcrete S.W.L. at Completion (m): 
Drill Method/Bit Size (Diam. mm): 4 1/2 EC (mS/m): 
Casing Type & Diam. (mm): 50 mm Class 9 PVC First SWL (m): Dry on 28/5/03 
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SILCRETE AND OIL MALLEES 
Site Details 
Date: 22/10/96 Landform/Unit: Mid-slope immediately 
below tree bock on sandplain seep. 
Catchment/Project/Owner: Ian Stanley, 
Goodlands Alleys 
Year Cleared: 1966 
Location Number: Ninghan 3336 
Local Bore #: GD6D + S +0B GDA94 Northing (m): 519801.49 
W+R Bore #: GDA94 Easting (m): 6665670.71 
Driller: Russell Speed, Dick Kelly AHD (m): 314.29 
Depth (m) Sample Description and Drilling Comments Geology 
0 
0.3 
2.5 
3 
3.2 
3.5 
3.8 
5 
6.8 
10.5 
11 
13 
14 
14.7 
16.5 
17 
24 —26 
Brown earthy sand. 
Earthy yellow sand. 
Lateritic gravel. 
Silcrete. 
Changed bit to rock roller. 
Lateritic mottling within silcrete. (making water). 
Silcrete. 
Pinky brown, not as hard. 
Pallid grey saprolite, fine quartz to 2 mm. 
Colour change, brown/orange mottled pallid clays. 
Water injected. 
Cream saprolite. 
Orange — mottled saprolite clays. 
White return. 
Orange 
Gritty, saprolite grits, fresh white feldspars. 
Fine quartz and black minerals EOH 
Tertiary Sandplain 
Ferricrete 
Silcrete 
Silicified weathered 
saprolite. 
Weathered granitic 
saprolite 
Fresh Granitoid 
Gneiss 
Bore Completion Details 
Depth Drilled (m): 26, (5.0), (3.0) Water/Foam/Detergent Injected (m): 11 m 
Casing Total Length (m): 26.28, (5.17), (3.33) Est. Watertable during drilling (m): 
A.G.L.(nn): 0.4, (0.4), (0.4) Casing Installation: GOOD/O.K./FORCED 
Screen Length (m): 2, (1), (1.48) Estimated Yield: 
Material Screened: Saprock (Silcrete), 
(Ferricrete overlying silcrete) 
S.W.L. at Completion (m): 
Drill Method/Bit Size (Diam. mm): 4 3/4 RAB EC (mS/m): 964, (333), (168) 
Casing Type & Diam. (mm): 50 mm Class 9 PVC First SWL (m): 10.08, (1.93), (2.93) on 26/11/96 
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SILCRETE AND OIL MALLEES 
Site Details 
Date: 5/11/96 LandForm/Unit: Upper slope 
Catchment/Project/Owner : Goodlands, 
Byvvaters 
Year Cleared: 
Location Number: 
Local Bore # :  03GD18 D + OB GDA94 Northing (m) 
W+R Bore # GDA94 Easting (m) : 
Driller: Russell Speed and Dick Kelly AHD (m) : 
Depth (m) Sample Description and Drilling Comments Geology 
0 
0.3 
2.5 
4.5 
10.8 
14.6 
23.7 
26 
28.5 
38.5 
41.31 
Brown earthy sand. 
Yellow earthy sand. 
Ironstone gravels (pisoliths) in yellow/brown earthy sand, 
grading to brown earth by 4 m. 
Silcrete (sediments), coarse grained (2-4 mm), from 5 m finer 
grained (<0.5 mm). 
Top of pallid saprolite. White fine grained return (quartz 
<1 mm). 
Harder band with quartz -2.5 mm to 14.9 m. 
Yellow clay, quartz still <1 mm. 
Almost pure yellow clay with quartz grits to 2.5 mm. 
Alternating creamy white and pale yellow layers. 
Water injected as return dwindling. 
End of hole. 
Tertiary Sandplain 
Silcrete 
Weathered granitic 
saprolite. 
Bore Completion Details 
Depth Drilled (m) : 41.31 
(4.57) 
Water/Foam/Detergent Injected (m) : 38.5 m 
Casing Total Length (m) : 41.61 
(4.87) (3.90) 
Est. Watertable during drilling (m) : 36 
A.G.L.(m) : 0.3 (0.3) Casing Installation : GOOD/O.K./FORCED 
Screen Length (m) : 2 (1.55) Estimated Yield : 
Material Screened: Saprock (Ironstone gravel 
overlying silcrete) 
S.W.L. at Completion (m) : 
Drill Method/Bit Size (Diam. mm) : 4 3/4 
RAB 
EC (rnS/m): 
Casing Type & Diam. (mm) : 50 mm Class 9 
PVC 
First SWL (m) : 35.17 (dry). 
40 
